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ABSTRACT 


Measures  of  lifespan  were  determined  for  a  population  of  male 
Sprague-Dawley  derived  male  rats,  comprised  of  7^7  animals  from 
eighteen  experiments.  Variations  in  lifespan  measures  among  experi¬ 
ments  were  found  even  under  stable  environmental  conditions  in  a 
single  strain  of  rats  with  no  known  epidemic  infections.  Measures  of 
central  tendency  and  dispersion  appeared  to  be  uncorrelated  with  each 
other,  and  normally  distributed  among  experiments.  Within  most  ex¬ 
periments  there  was  a  definite  tendency  for  an  excess  (above  the  nor- 

t 

mal  distribution)  of  shorter  lifespans,  and  in  seven  experiments  this 
resulted  in  significant  deviations  from  the  normal  distribution.  On  > 

a  composite  basis,  the  frequency  distribution  of  lifespans,  and  the 
associated  survival  curve,  were  not  those  of  a  normally  distributed 
variate.  Consideration  of  life  expectancies  at  various  ages  and  age 
specific  death  rates  revealed  that  the  "force  of  mortality"  declines 
at  advanced  ages.  These  findings  indicate  the  need  for  caution  in 
selecting  statistical  procedures  for  analysis  of  lifespan  information. 
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NON -TECHNICAL  SUMMARY 


The  Problem 

Although  the  rat  has  long  been  used  as  an  experimental  animal, 
there  have  been  essentially  no  detailed  reports  of  lifespan  measures 
based  upon  the  observation  of  large  numbers  of  animals  maintained 
throughout  life  in  a  stable  environment  under  epidemic -free  conditions. 
In  the  course  of  studies  concerning  uhe  persistent  and  late  effects  of 
radiation  upon  the  male  rat,  such  data  has  become  available  frcm  the 
associated  nonirradiated  control  animals  and  is  described  in  this 
report . 

o 

Hie  Findings 

Among  a  series  of  eighteen  separate  experiments  comprising  a  total 

« 

of  747  nonirradiated  control  rats,  median  lifespans  were  found  to  range 
<  from  629  to  807  days,  with  a  pooled  value  of  707  days.  Among  experi¬ 

ments  the  slope  and  position  of  the  central  portion  of  the  survival 
curve  along  the  age  axis  appeared  to  vary  according  to  the  normal  sym¬ 
metrical  statistical  distribution,  and  to  be  uncorrelated  with  each 
other.  When  the  distribution  of  lifespans  within  an  experiment  differs 
significantly  from  the  normal,  the  departure  results  from  an  excess  of 
shorter  lifespans.  Whether  the  data  are  grouped  by  experiment  or  by 
individual,  resulting  survival  curves  still  show  the  excess  (above  the 
normal)  of  shorter  lifespans.  These  findings  indicate  that  some  de¬ 
gree  of  departure  from  the  normal  distribution  may  be  the  rule  rather 
than  the  exception  for  the  lifespan  of  the  male  rat  in  a  single  strain 
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of  animals  maintained  under  stable  environmental  conditions  with  no 
epidemic  infections.  Further,  these  findings  indicate  the  need  for 
caution  in  selecting  statistical  procedures  based  upon  normal  distri¬ 
bution  of  events  for  analysis  of  lifespan  information. 
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INTRODUCTION 


In  the  course  of  studies  concerning  the  persistent  and  late  effects 
of  ionizing  radiation  upon  the  male  rat,  data  relating  to  the  lifespan 
of  a  large  number  of  non -irradiated  control  animals  have  be ccme  avail¬ 
able.  Based  on  eighteen  separate  experiments,  extending  over  a  period 
of  seme  five  years,  information  has  been  derived  pertinent  to  (l)  mea¬ 
sures  of  lifespan  for  a  large  population  of  male  rats,  (2)  variability 
in  these  measures  with  replication,  and  (3)  comparison  of  measures  frem 
specific  pathogen-free  stock  with  those  from  a  conventional  breeding 
colony. 

METHODS 

Animals  were  of  the  Sprague -Dawley  strain,  pen-bred  at  this 
laboratory.  Within  each  experiment,  animals  were  born  during  the  same 
week  and  were  assigned  the  last  day  of  that  week  as  a  common  birthdate. 
Animals  of  the  first  seven  experiments  were  from  an  epidemic -free  breed¬ 
ing  colony  maintained  under  scrupulously  clean  but  conventional  condi¬ 
tions.  Those  of  the  last  eleven  experiments  were  from  a  specific 
pathogen-free  breeding  colony  maintained  behind  an  autoclave -airlock 
barrier,  in  which  there  is  continuing  assay  for  pathogenic  organisms 
with  negative  findings.  The  original  stock  was  obtained  by  aseptic 
caesarian  delivery  and  nursed  by  germ-free  females  from  the  IX) BUND  pro¬ 
ject,  University  of  Notre  Dame.  Litters  of  from  3  to  12  animals  were 
received  at  about  25  days  of  age,  and  each  animal  was  immediately 
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placed  in  an  individual  suspended  mesh  cage  measuring  7x7*9  l/2 
inches.  Animals  of  a  single  litter  were  always  in  adjacent  cages. 
Average  room  temperature  was  72*F  with  a  range  from  abort  68®  to  76*. 
Relative  humidity  averaged  40 %  with  a  range  from  about  30  to  60$. 

Room  air  turnover  was  about  10  changes  per  hour.  Roans  were  contin¬ 
uously  lighted  with  an  average  value  of  50  foot -candles  at  the  level 
of  the  middle  cages  on  the  racks.  A  semi -isolation  technique,  which 
involved  specific  gowns  for  all  personnel  entering  each  roan,  the 
routine  use  of  an  organic  iodine  disinfectant  solution  for  hands  and 
shoes,  and  strict  attention  to  sanitary  maintenance,  was  successful 
in  preventing  the  occurrence  of  any  epi  temic  Infections  during  the 
course  of  the  study.  Animals  remained  in  this  environment  throughout 
life  except  for  temporary  removal  for  experimental  use  in  one  of  the 
programs  to  be  described  below.  Meal  food  (Purina  Lab  Chow)  and  water 
were  supplied  ad  libitum.  In  all  cases,  age  at  death  was  accurate 
within  3  days.  Where  death  was  thought  to  be  precipitated  by  accident 
or  experimental  procedure,  the  animal  was  rejected  fran  the  study. 

In  sane  experiments  the  animals  were  subjected  intermittently  to 
various  experimental  procedures.  The  types  of  treatment  were  as 
follows: 

None.  No  treatment,  continuous  residence  in  home  cage. 

Negligible .  Continuous  residence  in  home  cage  with  intermittent 
minimal  treatments,  which  included  clinical  examinations,  food 
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and  water  consumption  measurements,  and  body  weight  determinations. 
Type  A.  Psychological  tests  such  as  maze  learning  and  lever¬ 
pressing  behavior,  which  involved  temporary  (overnight)  food  and 
water  deprivation. 

Type  B.  Scheduled  heme  cage  food  and  water  consumption  measure¬ 
ments,  body  weight  determinations,  and  residence  for  a  two  week 
period  in  wheel  cages  for  the  measurement  of  volitional  activity. 
Type  C.  Physical  fitness  tests  with  the  unanesthetized  animal 
in  an  inactive  state.  These  measurements  included  heart  rate, 
respiratory  frequency,  colonic  temperature,  oxygen  consumption, 
and  blood  pressure  (indirect).  In  some  cases  blood  samples  were 
withdrawn  under  light  anesthesia. 

Type  D.  Physical  fitness  tests  under  conditions  of  external 
drive.  These  measurements  included  one  hour  of  treadmill  ex¬ 
ercise  at  moderate  intensity,  and  two  hours  residence  at  a  re¬ 
duced  environmental  temperature  (-10°C)  or  pressure  (15,000  feet 
altitude  equivalent).  During  these  tests  heart  rate,  colonic 
temperature,  and  respiratory  frequency  were  recorded  in  non- 
anesthetized  animals. 

The  distribution  of  these  treatments  among  the  experiments  is 
shown  in  Table  I.  In  the  case  of  experiments  1  thru  5,  there  appeared 
to  be  come  tendency  for  decreased  longevity  in  those  groups  subjected 
to  Type  D  treatment;  however,  no  consistent  differences  in  distribution 
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TABLE  I.  Distribution  of  animals  and  treatments 


Experi¬ 
ment  Initial  Test  Maximum  Age  (days) 

Ho.  No.  Rats  Interval  Ho.  Tests  First  Test  _ Type  of  Treatment 


la 

51 

6  months 

5 

83 

None,  or  A, 

or  B, 

or  C 

and  D 

2a 

50 

6  months 

5 

S3 

None,  or  A, 

or  B, 

or  C 

and  D 

3a 

55 

6  months 

5 

83 

None,  or  A, 

or  B, 

or  C 

and  D 

4a 

51 

6  months 

5 

S3 

None,  or  A, 

or  B, 

or  C 

and  D 

f 

k9 

6  months 

5 

S3 

None,  or  A, 

or  B, 

or  C 

and  D 

6 

20 

1 

SO 

D 

7 

17 

1 

SO 

D 

8 

45 

- 

— 

None 

9 

23 

- 

— 

Negligible 

10 

30 

1  month 

2 

80 

’C 

11 

29 

9  weeks 

7 

460 

C 

12 

26 

3  months 

3 

435 

D 

13 

60 

- 

— 

None 

14 

56 

- 

— 

None 

15 

44 

- 

-- 

Negligible 

16 

36 

- 

— 

Negligible 

17 

47 

- 

-- 

Negligible 

18 

53 

- 

-- 

Negligible 

aAnimals  in  these  experiments  were  divided  into  four  sub-groups,  each 
receiving  one  of  four  treatments --see  text  for  description  of  tests. 
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of  individual  lifespans  among  the  four  treatment  groups  within  each  of 
the  five  experiments  were  observed.  Further,  when  the  four  groups  were 
pooled  within  each  experiment,  measures  of  central  tendency  and  dis¬ 
persion  were  comparable  to  those  for  other  experiments  of  this  study 
in  which  animals  received  more  uniform  treatment. 

RBSUI/TS 

Some  standard  parameters  of  lifespan  for  the  eighteen  individual 
experiments  are  shown  in  Table  II.  Among  the  experiments,  the  mean 
lifespan  averaged  10  days  less  than  median  lifespan,  with  a  range  fran 
38  days  less  to  seven  days  more  than  the  median.  Mean  lifespan  is,  of 
course,  highly  correlated  with  median  lifespan  (Pearson  r  =  0.9^,  P  < 
0.01).  It  appears  that  there  is  a  definite  tendency  for  the  mean  life¬ 
span  to  be  less  than  the  median  since  this  occurred  in  thirteen  of  the 
eighteen  experiments.  This,  in  turn,  suggests  the  possibility  of 
skewness  in  the  distributions  of  lifespans  within  the  individual  ex¬ 
periments  (see  below). 

Neither  measure  of  dispersion,  the  standard  deviation  and  the 
^  interval,  was  found  to  be  significantly  correlated  with  its 
central  value.  The  Pearson  r  for  \  interval  vs  median  lifespan 
was  -0.115,  and  for  SD  vs  mean  lifespan  it  was  -0.19^*  Examination  of 
the  survival  curves  for  each  of  the  eighteen  experiments  (not  shown) 
revealed  that,  in  the  interval  between  and  ^  values,  the  points 
could  be  reasonably  fitted  by  a  straight  line.  Therefore,  in  addition 
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TABLE  U.  Numeric  parameters  of  lifespan 


Experi 

- 

Parameter  ( 

iDays) 

ment 

No. 

Birth 

Date 

Number 

Animals 

Median 

Lifespan 

Q3 

| 

*1 

Irlterv 

L  Mean 

rSl  Lifespan 

SD 

SB 

1 

10/19/57 

51 

703 

657 

782 

125 

707 

103 

14 

2 

11/9/57 

50 

716 

646 

812 

1 66 

713 

130 

18 

3 

11/30/57 

55 

696 

6o4 

771 

167 

696 

119 

16 

4 

-2/21/57 

51 

699 

594 

786 

182 

695 

122 

17 

5 

1/11/58 

49 

698 

579 

781 

202 

675 

153 

22 

6 

5/31/53 

20 

636 

579 

729 

170 

634 

143 

32 

7 

6/21/58 

17 

629 

524 

692 

168 

626 

116 

23 

8 

7/26/58 

744 

638 

832 

194 

721 

139 

21 

9 

10/4/58 

28 

665 

609 

722 

113 

665 

108 

20 

10 

10/11/58 

30 

717 

613 

782 

169 

707 

126 

23 

11 

n/l/58 

29 

715 

594 

773 

179 

677 

160 

30 

12 

11/8/58 

26 

756 

660 

831 

171 

732 

114 

22 

13 

12/27/58 

60 

690 

530 

774 

194 

672 

160 

21 

14 

1/31/59 

56 

689 

612 

776 

164 

675 

154 

21 

15 

6/27/59 

44 

669 

589 

790 

201 

676 

139 

21 

l6 

12/12/59 

36 

8C7 

730 

854 

124 

779 

126 

21 

17 

12/26/59 

47 

697 

572 

828 

236 

688 

197 

29 

18 

1/9/60 

53 

724 

610 

815 

205 

724 

132 

18 

Combined 

Experiments 

(18) 

699 

611 

785 

174 

692 

436 

22 

Combined 

Individuals 

747 

707 

611 

790 

179 

696 

l4l 

5 
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to  its  use  as  a  measure  of  dispersion  about  the  median,  the 
interval  was  used  as  an  index  of  slope  of  the  survival  curve  during 
the  period  of  mortality  of  the  middle  half  of  the  animals. 

The  disparity  from  a  normal  distribution  of  lifespans  (see  below) 
was  tested  by  computing  the  and  gg  values  (Snedecor,  1948)  for  each 
experiment.  These  are  shown  in  Figure  1.  Significant  skewness  (p  < 
0.05)  was  found  in  two  experiments  (Nos.  5  &  6)  and  both  skewness  and 
kurtosis  were  significant  (p  <  0.05)  in  five  experiments  (Nos.  8,  12, 
13,  14  &  16).  In  addition,  there  was  a  significant  correlation  be¬ 
tween  skewness  and  kurtosis  (Spearman  r  =  0.79,  P  <  O.Ol)  among  the 
eighteen  experiments.  Skewness  was  not  correlated  with  mean  lifespan 
(Spearman  £  =  O.C73,  p  >  0.05). 

A  comparison  of  lifespans  among  litters  was  made  in  three  ex¬ 
periments  where  sufficient  animals  within  litters  were  available  for 
statistical  testing.  Kruskal -Wallis  one  way  analysis  of  variance  re¬ 
vealed  that  in  Experiments  8  (45  animals,  eleven  litters)  and  14  (56 
animals,  eleven  litters)  there  were  significant  (p  <  0.05)  differences 
in  mean  lifespan  among  litters.  In  Experiment  13  (60  animals,  twelve 
litters)  the  p  value  was  between  0.10  and  0.05. 

In  order  to  compare  measures  of  the  lifespan  for  the  eighteen 
experiments  with  respect  to  order  of  birth,  the  medians  and  those 
time  points  which  include  70  and  90  percent  of  the  animals  are  illus¬ 
trated  in  Figure  2.  The  horizontal  axis  is  divided  in  order  to  group 
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SKEWNESS  ( g1 ) 


Fig.  1  Skewness-kurtosis  relationships  for  distribution  of  lifespans 
by  experiment.  The  letters  s  and  k  indicate  significant  (p<  0.05) 
skewness  and  kurtosis,  respectively.  Values  for  g^,  g2  and  the  sig¬ 
nificance  of  their  departures  from  those  of  the  normal  distribution 
were  computed  according  to  the  method  described  by  Snedecor  (1948) . 
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those  experiments  where  there  were  relatively  short  intervals  between 
successive  birthdates  (less  than  four  weeks  -  Table  II).  While  there 
is  obviously  some  variability  from  experiment  to  experiment  in  all  three 
of  these  measures,  and  in  symmetry  of  the  70  and  90  percent  ranges  about 
the  median,  no  consistent  trends  with  date  of  birth  sore  apparent  over 
a  period  of  observations  of  about  five  years.  Also,  there  appears  to 
be  no  discernible  relationship  between  these  measures  of  lifespan  and 
season  of  birth. 

Examination  of  Table  II  and  Figs.  1  and  2  also  reveals  no  appreci¬ 
able  difference  between  the  groups  from  the  conventional  breeding  colony 
(Expts.  1-7)  and  those  from  the  specific  pathogen-free  colony  (Expts. 
8-18).  Analysis  of  variance  revealed  no  significant  difference  (  p> 
0.25)  between  the  lifespans  of  the  animals  from  the  two  breeding 
colonies. 

In  order  to  establish  a  measure  of  variability  for  the  overall 


survival  curve  of  the  eighteen  experiments,  the  ages  at  various  per¬ 
centage  survivals  for  each  of  the  experiments  were  determined.  Since 
the  distributions  of  the  survival  times  for  100,  50  and  0$  among  the 
experiments  did  not  deviate  significantly  (p  >  0.05)  from  the  normal, 
a  parametric  measure  of  variability  was  considered  to  be  appropriate. 
The  survival  curve  so  constructed  is  shown  in  Figure  3*  Ninety-five 
percent  confidence  intervals  for  each  of  the  points  and  for  the  slope 


interval) 


were  established  by  multiplying  the  standard  devia- 
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Fig.  2  Median  lifespans  for  groups  of  male  rats.  Points 
including  70  and  90$  of  the  animals  are  indicated. 
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AGE  (DAYS) 


Fig.  3  Composite  survival  curve  for  male  rats,  with  95$  confidence 
limits  for  each  point  and  for  slope,  based  upon  grouping  by  experi¬ 
ment.  (No.  of  experiments  =  18,  total  number  of  animals  =  747). 


tion  by  I.96.  It  should  be  noted  that  these  confidence  limits  apply 
to  each  of  the  points  and  the  slope  individually,  and  not  to  the  curve 
as  a  whole. 

Another,  perhaps  more  usual,  method  of  establishing  the  overall 
survival  curve  is  to  pool  all  7^7  animals  and  treat  them  as  one  homo¬ 
geneous  group.  Before  treating  the  data  in  this  way  the  feasibility 
of  considering  animals  of  these  eighteen  experiments  as  one  population 
was  evaluated  by  several  methods.  There  was  no  significant  hetero¬ 
geneity  in  mean  or  median  lifespans  among  the  eighteen  experiments 
(Kolmogorov -Smirnov  One  Sample  Test,  p  >  0.02).  With  a  multiple  range 
test  (Harter,  i960),  which  takes  into  account  the  within -experiment 
variation,  it  was  found  that  the  animals  from  one  experiment  (lio.  l6) 
had  a  chance  probability  of  less  than  0.05  of  being  from  the  same 
statistical  population  as  the  rest  of  the  animals .  However,  neither 
the  standard  deviation  nor  the  Q^'^l  interval  for  this  experiment  were 
atypical.  On  the  basis  of  this  evaluation  animals  frctn  all  eighteen 
experiments  were  pooled  and  treated  subsequently  as  one  group,  since 
in  this  manner  a  more  conservative  estimate  of  variability  is  obtained. 

The  frequency  distribution  of  deaths  for  the  pooled  group  of  7^7 
animals  is  shown  in  Figure  4,  together  with  a  normal  curve  of  similar 
variability.  Note  that  there  is  a  significant  negative  skewness  and 
positive  kurtosis.  The  corresponding  survival  curve  is  shown  in 
Figure  5»  where  the  goodness  of  fit  of  the  straight  line  from  75  to 
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Fig.  4  Frequency  distribution  of  deaths  for  a  single  composite  group 
of  7^7  male  rats.  Measures  of  skewness  (g-^)  and  kurtosis  (gg)  with 
their  standard  deviations  and  probabilities  of  departure  from  the  nor¬ 
mal  curve  are  indicated,  together  with  a  normal  curve  of  similar  vari¬ 
ability. 
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Fig.  5  Survival  curve  for  a  composite  group  of  7^7  male  rats 
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at  least  25  percent  survival  is  apparent  and  the  excess  (over  the 
normal  distribution)  of  shorter  lifespans  which  resulted  in  the  nega¬ 
tive  skewness  is  quite  evident.  With  skewness  of  this  degree,  neither 
probit -linear  nor  probit -logarithic  plots  of  these  data  result  in 
satisfactory  rectification  of  the  survival  curve  for  purposes  of  analy¬ 
sis. 

Many  investigators  choose  to  represent  pooled  data  of  this  type 
as  a  straight  line  when  the  logarithm  of  seme  computation  of  death  rate 
is  plotted  vs  age  at  death  (Gcmpertz  function).  From  Figure  6,  how¬ 
ever,  it  does  not  appear  that  a  straight  line  is  an  adequate  representa¬ 
tion  of  the  situation  when  the  present  data  is  plotted  in  this  manner. 

It  is  possible  that  the  present  data  may  fit  a  logistic  formula  (Beard, 
1959)  when  death  rate  vs  age  is  the  relationship  under  consideration. 

Another  commonly  used  treatment  of  pooled  data  is  to  compute  the 
residual  lifespan,  or  life  expectancy,  at  various  ages.  In  view  of  the 
lack  of  normality  the  median  (rather  than  mean)  residual  lifespans, 
and  the  JO  and  90$  ranges  were  determined,  and  are  illustrated  in  Fig. 

7.  Note  that  asymmetry  in  distribution  of  life  expectancy  is  apparent 
and  that  the  rate  of  decrease  in  life  expectancy  falls  with  increas¬ 
ing  age  up  to  about  960  days. 

DISCUSSION 

Even  under  the  stable  environmental  conditions  of  the  present 
study,  variations  among  experiments  in  several  measures  of  lifespan 
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Fig.  6  Age -specific  death  rate  for  a  single  composite 
group  of  male  rats. 
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Fig.  7  Life  expectancy  of  a  composite  group  of  7^7  male  rats  at 
various  ages.  Points  including  70  and  90%  of  the  animals  are  in¬ 
dicated.  Values  in  parentheses  indicate  number  of  wirinuQn  alive 
at  each  age. 
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were  found  in  one  strain  of  rats  with  no  known  epidemic  infections. 

In  general,  these  variations  appear  to  be  nonsystematic  in  an-tnmi  a 
born  over  a  period  of  about  three  years.  Among  experiments  the  slope 
and  position  of  the  central  portion  of  the  survival  curve  along  the 
age  axis  appear  to  vary  according  to  a  normal  distribution,  and  to  be 
uncorrelated  with  each  other.  In  addition,  both  are  independent  of 
significant  departure  of  lifespan  distribution  frcm  the  normal.  Thus 
a  lesser  slope  or  greater  average  lifespan  apparently  does  not  depend 
simply  upon  a  greater  proportion  of  longer  lifespans.  When  the  dis¬ 
tribution  of  lifespans  within  an  experiment  differs  significantly  frcm 
the  normal,  the  skewness  is  negative  and  kurtosis  positive,  resulting 
frcm  an  excess  (over  the  normal  distribution)  of  shorter  lifespans. 
Although  significant  departures  frcm  the  normal  distribution  were  found 
in  only  seven  of  the  eighteen  experiments,  thirteen  of  the  experiments 
contained  one  or  more  animals  with  lifespans  less  than  400  days. 

Whether  the  data  are  grouped  by  experiment  or  by  individual,  resulting 
survival  curves  sure  not  normal.  These  considerations  indicate  that 
seme  degree  of  departure  frcm  the  normal  in  lifespan  distribution  may 
be  t^e  rule  rather  than  the  exception  for  the  male  rat,  at  least  under 
the  described  control  conditions. 

Present  data  are  quite  consistent  with  lifespan  information  re¬ 
ported  by  other  investigators  using  large  number  of  male  rats.  Berg 
and  Harmison  (1957)  reported  average  longevity  in  their  strain  of 
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Sprague  -Davie  y  rats  to  be  about  750  days,  with  a  of  1200  days. 

Fran  the  report  of  Gilbert  sod  GUI  man  (1958)  it  appears  that  median 
longevity  for  their  Wistar -derived  rats  was  about  7 50  days.  Verzar 
(1959)  has  reported  a  50  percent  survival  at  23.5  months  (705  days) 
with  maximum  longevity  of  39  months  (1170  days)  for  Sprague -Dawley  rat6 
of  his  colony.  In  view  of  these  similarities  among  various  colonies 
of  male  rats,  presumably  raised  under  a  variety  of  conditions,  the 
lack  of  a  consistent  significant  difference  in  lifespan  measures  among 
the  four  treatments  in  Expts.  1-k  and  between  conventionally  bred  and 
specific  pathogen -free  bred  animals  of  the  present  study  is  not  sur¬ 
prising.  Although  there  are  differences  in  lifespan  measures  from 
experiment  to  experiment,  and  frcm  laboratory  to  laboratory,  it  appears 
that  for  groups  of  male  rats  these  differences  in  average  longevity 
may  extend  over  only  a  relatively  limited  range  of  values.  Most  of 
the  sources  of  inter-  and  intra-experiment  variation  in  lifespan 
measures  are  unknown,  although  seme  portion  appears  due  to  genetic 
and/or  possible  neonatal  differences  among  litters.  Further  considera¬ 
tion  of  the  clinical  examination  and  autopsy  data  collected  in  seme  of 
the  present  experiments  may  aid  in  evaluating  the  relative  importance 
of  various  factors  associated  with  death  at  different  ages. 

The  asymmetric  distribution  of  lifespans  for  the  rats  of  the 
present  study  has  also  been  reported  for  the  mouse  (Lindop,  1961) • 

These  distributions  for  rodents  are  not  unlike  those  reported  for 
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humane.  For  human  populations  it  has  been  hypothesized  that  many  early 
deaths  are  not  senescent  in  nature,  but  are  associated  with  departure 
from  optimum  environmental  conditions  and  behavior  (Benjamin,  1959)* 

In  the  case  of  the  present  study,  and  presumably  also  for  the  mouse 
data  (Lindop,  196l),  where  environmental  conditions  are  stable,  it  is 
difficult  to  see  how  such  a  departure  could  be  a  factor.  It  appears 
that  at  least  for  two  species  of  rodents,  the  distribution  of  life¬ 
spans  is  generally  asymmetric  even  under  stable  conditions  of  environ¬ 
ment. 


20 


REFERENCES 


Beard,  R.  E.:  Note  on  sane  mathematical  mortality  models.  In:  G.  E. 
Wolstenholme  and  M.  O'Connor  (Editors),  Ciba  Foundation  colloquia 
on  eyeing.  Vol.  5  s  The  lifespan  of  animals.  Little,  Brown  and 
Co.,  Boston,  Mass.,  1939,  PP  302-311. 

Benjamin,  B.:  Actuarial  aspects  of  human  lifespans.  In:  G.  E. 

Wolstenholme  and  M.  O'Connor  (Editors),  Ciba  Foundation  colloquia 
on  ageing.  Vol.  5:  The  lifespan  of  animals.  Little,  Brown  and 
Co.,  Boston,  Mass.,  1959,  PP  2-20. 

Berg,  B.  N.,  and  Hannison,  C.  R.:  Growth,  disease,  and  ageing  in  the 
rat.  J.  Geront.,  12:  370-377,  1957* 

Gilbert,  C.,  and  Gillman,  J.:  Spontaneous  neoplasms  in  the  albino 
rat.  S.  Afr.  J.  Med.  Sci.,  23:  257-272,  1958. 

Harter,  H.  L.:  Critical  values  for  Duncan's  new  multiple  range  test. 
Biometrics,  16:  671-685,  i960. 

Lindop,  P.  J.:  Growth  rate,  lifespan,  and  causes  of  death  in  SAS/k 
mice.  Gerontologia,  5s  193-203,  1961. 

Snedocor,  G.  W.:  Statistical  methods.  Iowa  State  College  Press, 

Ames,  Iowa,  1948,  4th  Ed.,  pp  176-177* 

Verzar,  F.:  In:  G.  E.  Wolstenholme  and  M.  O'Connor  (Editors),  Ciba 
Foundation  Colloquia  on  ageing.  Vol.  5:  The  lifespan  of  animals. 
Little,  Brown  and  Co.,  Boston,  Mass.,  1959,  P  82. 


21 


Biology  and  Medicine 


INITIAL  DISTRIBUTION 
Copies 


NAVY 

3  Chief,  Bureau  of  Ships  (Code  210L) 

1  Chief,  Bureau  of  Ships  (Code  320 ) 

2  Chief,  Bureau  of  Medicine  and  Surgery 

1  Chief  of  Naval  Operations  (Op-07T| 

1  Chief  of  Naval  Research  (Code  10U) 

3  Director,  Naval  Research  Laboratory  (Code  2021) 

1  Office  of  Naval  Research  (Code  44l) 

10  Office  of  Naval  Research,  FPO,  New  York 

3  Naval  Medical  Research  Institute 

1  OiC,  Radiation  Exposure  Evaluation  Laboratory 

1  Director,  Aviation  Medical  Acceleration  Laboratory 

1  U.  S.  Naval  Postgraduate  School,  Monterey 

1  Commander,  Naval  Ordnance  Laboratory,  Silver  Spring 

1  Naval  Missile  Center  (Code  5700) 

1  U.  S.  Naval  Hospital,  San  Diego 

1  CO,  Naval  Medical  Research  Unit  No.  2 

1  CO,  Naval  Medical  Field  Research  Laboratory,  Camp  Lejeune 

ARMY 

1  Chief  of  Research  and  Development  (Atomic  Division) 

1  Chief  of  Research  and  Development  (Life  Science  Division) 

1  Deputy  Chief  of  Staff  for  Military  Operations  (CBR) 

1  Chief  of  Engineers  (ENGMC-DE) 

1  Chief  of  Engineers  (ENGCW) 

1  CG,  Army  Materiel  Command  (AMCRD-DE-NE) 

1  CG,  USA  CBR  Agency 

3  CO,  BN  Laboratories 

1  CO,  Fort  McClellan,  Alabama 

1  Commandant,  Chemical  Corps  Schools  (Library) 

1  CG,  CBR  Cotnbat  Developments  Agency 

1  CO,  Chemical  Research  and  Development  Laboratories 

1  Commander,  Chemical  Corps  Nuclear  Defense  Laboratory 

1  Hq.,  Army  Environmental  Hygiene  Agency 

1  CG,  Aberdeen  Proving  Ground 


23 


1  CO,  Army  Medical  Research  Laboratory 

1  Army  Medical  Research  and  Nutrition  Laboratory  (MEDEN-AD) 

1  CO,  Army  Medical  Service  Combat  Development  Agency 

2  Medical  Field  Service  School,  Fort  Sam  Houston  (Stimson  Lib.) 

1  Brooke  Army  Medical  Center  (Dept.  Prev.  Med.) 

I  Director,  Surgical  Research  Unit,  Fort  Sam  Houston 

1  Director,  Walter  Reed  Army  Medical  Center 

1  Hq. ,  Army  Nuclear  Medicine  Research  Detach.,  Europe 

1  CO,  Combat  Developments  Command  (CDCMR-V) 

1  CG,  Quartermaster  Res.  and  Eng.  Command 

1  Hq.,  Dugvay  Proving  Ground 

3  The  Surgeon  General  (MEDNE) 

1  Office  of  the  Surgeon  General  (Combat  Dev.) 

1  CG,  Engineer  Res.  and  Dev.  Laboratory 

1  Director,  Office  of  Special  Weapons  Development 

1  CG,  Munitions  Command 

1  CO,  Frankford  Arsenal 

1  CG,  Army  Missile  Command 

AIR  FORCE 

1  Assistant  Chief  of  Staff,  Intelligence  (AFCIN-3B) 

6  CG,  Aeronautical  Systems  Division  (ASAPRD-NS) 

1  CO,  Radiological  Health  Laboratory  Division 

1  Director,  USAF  Project  RAND 

1  Commandant,  School  of  Aerospace  Medicine,  Brooks  AFB 

1  CO,  School  of  Aviation  Medicine,  Gunter  AFB 

1  6571st  Aeromedical  Research  Lab.,  Holloman  AFB 

1  Radiobiological  Laboratory 

1  Office  of  the  Surgeon  (SUP3.I),  Strategic  Air  Command 

1  Office  of  the  Surgeon  General 

1  CG,  Special  Weapons  Center,  Kirtland  AFB 

1  Director,  Air  University  Library,  Maxwell  AFB 

2  Commander,  Technical  Training  Wing,  3415th  TTG 

1  Hq.,  Second  Air  Force,  Barksdale  AFB 

1  Commander,  Electronic  Systems  Division  (CRZT) 

OTHER  POD  ACTIVITIES 

3  Chief,  Defense  Atomic  Support  Agency  (Library) 

1  Commander,  FC/DASA,  Sandia  Base  (FCDV) 

1  Commander,  FC/DASA,  Sandia  Base  (FCTG5,  Library) 

1  Commander,  FC/DASA,  Sandia  Base  (FCWT) 

2  Office  of  Civil  Defense,  Washington 

2  Civil  Defense  Unit,  Army  Library 

1  Armed  Forces  Institute  of  Pathology 


24 


20  Armed.  Services  Technical  Information  Agency 
1  Director,  Armed  Forces  Radiobiology  Research  Institute 

AEG  ACTIVITIES  AMD  OTHERS 

1  Research  Analysis  Corporation 

1  Life  Science  Officer,  AEC,  Washington 

1  Director,  Division  of  Biology  and  Medicine 

1  NASA,  Ames  Research  Center,  Moffet  Field 

1  Aerojet  General,  Azusa 

5  Argonne  Cancer  Research  Hospital 

10  Argonne  National  Laboratory 

2  Atomic  Bomb  Casualty  Commission 

1  AEC  Scientific  Representative,  France 

1  AEC  Scientific  Representative,  Japan 

3  Atomic  Energy  Commission,  Washington 

2  Atomic  Energy  of  Canada,  Limited 

3  Atomics  International 

2  Battelle  Memorial  Institute 

1  Borden  Chemical  Company 

3  Brookhaven  National  Laboratory 

1  Chicago  Patent  Group 

1  Colorado  State  University 

1  Columbia  University  (Rossi) 

1  Committee  on  the  Effects  of  Atomic  Radiation 

3  Defence  Research  Member 

2  duPont  Company,  Aiken 

1  duPont  Company,  Wilmington 

1  Edgerton,  Germeshausen  and  Grier,  Inc.,  Goleta 

1  Edgerton,  Germeshausen  and  Grier,  Inc.,  Las  Vegas 

2  General  Dynamics,  Fort  Worth 

2  General  Electric  Company,  Cincinnati 

8  General  Electric  Company,  Richland 

1  General  Electric  Company,  St.  Petersburg 

1  General  Scientific  Corporation 

1  Hughes  Aircraft  Company,  Culver  City 

1  Iowa  State  University 

1  Journal  of  Nuclear  Medicine 

1  Knolls  Atomic  Power  Laboratory 

2  Los  Alamos  Scientific  Laboratory  (Library) 

1  Lovelace  Foundation 

1  Martin-Marietta  Corporation 

1  Massachusetts  Institute  of  Technology 

1  Mound  Laboratory 

1  National  Academy  of  Sciences 

2  NASA,  Scientific  and  Technical  Information  Facility 


25 


I 


1  National  Bureau  of  Standards  (Taylor) 

1  National  Cancer  Institute 

1  National  Lead  Company  of  Ohio 

1  National  Library  of  Medicine 

1  New  Jersey  State  Department  of  Health 

1  New  York  Operations  Office 

1  Nev  York  University  (Eisenbud) 

1  Office  of  Assistant  General  Counsel  for  Patents 

2  Phillips  Petroleum  Company 

4  Pratt  and  Whitney  Aircraft  Division 

2  Public  Health  Service,  Washington 

1  Public  Health  Service,  Las  Vegas 

1  Public  Health  Service,  Montgomery 

1  Sandla  Corporation,  Albuquerque 

1  Union  Carbide  Nuclear  Company  (ORGDP) 

5  Union  Carbide  Nuclear  Conqjany  (ORNL) 

1  Union  Carbide  Nuclear  Company  (Paducah  Plant) 

1  United  Nuclear  Corporation  (NDA) 

1  U.  S.  Geological  Survey,  Denver 

1  U.  S.  Geological  Survey,  Menlo  Park 

1  U.  S.  Geological  Survey,  Naval  Gun  Factory 

1  U.  S.  Geological  Survey,  Washington 

1  U.  S.  Weather  Bureau,  Washington 

1  University  of  California,  Davis 

3  University  of  California.  Lawrence  Radiation  Lab . ,  Berkeley 

2  University  of  California  Lawrence  Radiation  Lab.,  Livermore 

1  University  of  California,  Los  Angeles 

1  University  of  California,  San  Francisco 

1  University  of  Chicago  Radiation  Laboratory 

1  University  of  Hawaii 

1  University  of  Puerto  Rico 

1  University  of  Rochester  (Atomic  Energy  Project) 

1  University  of  Tennessee  (UTA) 

1  University  of  Utah 

1  University  of  Washington  (Donaldson) 

1  Wayne  State  University 

1  Westlnghouse  Electric  Corporation  (Rahilly) 

1  Westlnghouse  Electric  Corporation  (NASA) 

1  Western  Reserve  University  (Friedell) 

25  Technical  Information  Extension,  Oak  Ridge 

USNRDL 

4l  USNRDL,  Technical  Information  Division 

DISTRIBUTION  DATE:  15  July  19^3 


2 6 


I 


hr  ••S.i o 

U  M  O 

4)  <u  c  o 

3  lies 

**  "  a  g  s 


«  E 

D  3  o 

h  iu  ^  • 

Sal  a.a-i 

H  W  «  <*  4) 

“J  ^  ^  n  C 

«  <  .P  <u  .5 


*2  c  _ 

2  <u 
w-  o  > 
°  *)  £ 


^  .a 

O  ^  ^ 
^  W  00 
C  >N  «» 

E  E  § 
'S  1  8 

ut  C  00 


<u 

t5 

>> 

Vm 

3 

c 

a 

O 

a 

a 

4) 

o 

<u 

CT* 

8 

J3 

c3 

> 

C 

4> 

*-* 

00 

J3 

O 

*0 

«/» 

4) 

c 

8 

e 

■5 

4) 

u 

*3 

4) 

* 

c 

flj 

rt  O  ^C* 

2  -a  « 

0  £  £ 
e  c 

*3  ~ 
ta  X 
1/1  E 

5 

00  ^ 

.5  £ 

w»  4) 


■ss» 
i  s  “  £ 

1  a  (t  h 

i  E  .2  -s 

:  o  >  o 

!  °  s  g 

(Q  M  O 

5'  *o  *5 
2  S 
r  «  JJ 

i  •  o  2 

•  g  o  a 
i  .2  a  o 
;  3  «  u 

i  XJ  4> 

■  ti  *5  <J 

,  -H  *0 

*u  d  -h 

i  •=  "  s 

r  c  „-  > 

i  S’ 

L  g  Q.  “ 
I  u  8  ,2 

:  I  a  'S 


specific  death  rates  revealed  that  the  "force  of  mortality"  declines  at  advanced  specific  death  rates  revealed  that  the  "force  of  mortality"  declines  at  advanced 

ages.  These  findings  indicate  the  need  for  caution  in  selecting  statistical  pro-  ages.  These  findings  indicate  the  need  for  caution  in  selecting  statistical  pro¬ 
cedures  for  analysis  of  lifespan  information.  cedures  for  analysis  of  lifespan  information. 
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specific  death  rates  revealed  that  the  "force  of  mortality"  declines  at  advanced  specific  death  rates  revealed  that  the  "force  of  mortality"  declines  at  advanced 

ages.  These  findings  indicate  the  need  for  caution  in  selecting  statistical  pro-  ages.  These  findings  indicate  the  need  for  caution  in  selecting  statistical  pro¬ 
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